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Abstract: The EGFR exon 20 insertion (EGFRex20ins) mutations are the third most common 
EGFR mutations seen in non-small cell lung cancer (NSCLC). More than 50 variants of 
EGFRex20ins mutations have been identified with A767_V769dupASV being the most com-
mon variant across multiple surveys. Treatment with currently available EGFR tyrosine kinase 
inhibitors (TKIs) including osimertinib is generally ineffective. Amivantamab (JNJ-372), 
a bispecific monoclonal antibody against EGFR and MET, has recently been approved by 
the US FDA for patients with advanced or metastatic NSCLC harboring EGFRex20ins 
mutations after disease progression on platinum-based chemotherapy. Among all the TKIs in 
clinical development, mobocertinib (TAK-788) has been granted priority review by the FDA 
for the same indication as amivantamab. Here, we provide a concise review on mobocertinib, 
with a focus on its chemical structure, preclinical data, and phase 1/2 trial results. Future 
directions will likely focus on combination approach such as TKI plus chemotherapy in the 
first-line setting, designing drugs with CNS activity, and exploring disease characteristics of 
various EGFRex20ins mutation variants and how they may affect treatment response. 
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Introduction
The EGFR exon 20 insertion (EGFRex20ins) mutations are the third most common 
EGFR mutations seen in non-small cell lung cancer (NSCLC), constituting up to 
12% of NSCLC cases harboring EGFR mutations.1 This molecular alteration is 
characterized by in-frame insertions and/or duplications clustered between codons 
762 and 774, resulting in constitutive activation of the EGFR pathway.2,3 More than 
50 variants of EGFRex20ins mutations have been identified with 
A767_V769dupASV (ASV) being the most common variant across multiple 
surveys.1,3 Because most EGFR ex20ins mutations do not have diminished adeno-
sine triphosphate (ATP) binding or increased affinity for EGFR tyrosine kinase 
inhibitors (TKIs), treatment with EGFR TKIs is generally ineffective.2 

Amivantamab (JNJ-372), a bispecific monoclonal antibody against EGFR and 
MET, has recently been approved by the US FDA for the treatment of advanced 
or metastatic NSCLC patients with EGFRex20ins mutations after disease progres-
sion on platinum-based chemotherapy.4 Mobocertinib (TAK-788) has been granted 
priority review by the FDA for the same indication. Here we provide a concise 
review on mobocertinib, with a focus on its chemical structure, preclinical data, 
phase 1/2 trial results, and future development, in anticipation for its FDA approval 
in the near future.
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Chemical Structure
There is significant overlap in terms of conformation 
between EGFR ex20ins mutations and wild type (WT) 
EGFR in the ATP binding pocket, rendering osimertinib’s 
lack of selectivity against EGFR ex20ins mutations. The 
amino acid insertion in the exon 20 located at the C-helix 
or the P-loop of the EGFR kinase pushes the C-helix into 
a permanent active conformation, which is distant from the 
ATP binding site.2 Mobocertinib was structurally designed 
to gain selectivity by targeting proteins in the vicinity of 
the alpha C-helix, a binding site not exploited by osimer-
tinib. More specifically, in a docking model of osimertinib 
bound to EGFR ex20ins D770_N771insNPG (NPG) muta-
tion, there remained a vacant pocket accessible by substi-
tution of the pyrimidine ring with mobocertinib’s 
isopropyl ester. This structure design allowed mobocerti-
nib to have increased binding affinity for EGFR ex20ins 
mutations than osimertinib. In addition, mobocertinib is an 
irreversible EGFR TKI that covalently binds to cysteine 
797 in EGFR, similar to afatinib and osimertinib.3 The 
chemical structure is shown in Figure 1.

Preclinical Data
Cellular Activity
In Ba/F3 cells, mobocertinib exhibited inhibitory activity 
against 14 EGFR mutations with IC50 ranging from 2.7 to 
22.5 nM while IC50 for WT EGFR was 34.5 nM. More 
specifically, mobocertinib inhibited all five variants of 
EGFR ex20ins mutations with IC50 of 4.3 nM for NPG, 
10.9 nM for ASV, 11.8 nM for A763_Y764insFQEA 
(FQEA), 18.1 nM for N771_H773dupNPH (NPH), and 
22.5nM for S768_D770dupSVD (SVD).3

The activity of mobocertinib was further explored in 
two patient-derived cell lines, CUTO14 and LU0387.3 The 
CUTO14 cell line was derived from a patient with NSCLC 
harboring the ASV mutation without any prior EGFR TKI. 
In CUTO14 cells, compared to osimertinib which reached 
38% and 63% inhibition of phosphorylated EGFR 
(p-EGFR) at concentrations of 100 nM and 1000 nM, 
respectively, mobocertinib was able to reach 80% and 
100% inhibition. Additionally, based on the CUTO14 
cell viability assay, the IC50 of mobocertinib was 33 nM 
while it was 2679 nM for erlotinib, 1021 nM for gefitinib, 
66 nM for afatinib, and 575 nM for osimertinib, respec-
tively. The LU0387 cell line was derived from a NSCLC 
patient harboring the NPH mutation. In LU0387 cells, the 
IC50 of mobocertinib was 21 nM while it was 2793 nM for 
erlotinib, 364 nM for gefitinib, 20 nM for afatinib, and 195 
nM for osimertinib, respectively. Even though the potency 
of afatinib was similar to that of mobocertinib, the IC50 of 
afatinib against WT EGFR phosphorylation was 3.9 nM 
compared to 35 nM for mobocertinib.

Biophysical and Biochemical Assays
The Biacore surface plasmon resistance assay was utilized 
to assess the binding affinity of mobocertinib in a mutant 
C797S version of the NPG mutation model. In this assay, 
the binding affinity of mobocertinib to the NPG mutation 
was similar to that of afatinib but much lower than that of 
osimertinib. In contrast, the binding affinity of mobocerti-
nib to WT EGFR was much higher than that of afatinib but 
similar to that of osimertinib.3

The in vitro kinase assays were utilized to evaluate the 
kinase selectivity profile of mobocertinib. Briefly, 

Figure 1 Chemical structure of mobocertinib.
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mobocertinib was found to inhibit 28 of 490 kinases by 
>50% at 1 µM, including all 14 members of the EGFR 
family. Furthermore, the IC50 of mobocertinib was <2 nM 
against all these 14 EGFR family kinases including EGFR, 
HER2, HER4, and 11 variants, as well as BLK.3 These 
data demonstrated mobocertinib as a potent and selective 
EGFR inhibitor.

Xenographic Activity
The antitumor activity of mobocertinib in oral dosing was first 
investigated in two murine models harboring the ASV 
mutation.3 In the first model using engineered Ba/F3 cells, 
once daily dosing of mobocertinib at 30 mg/kg and 50 mg/kg 
induced 77% tumor growth inhibition and 19% tumor regres-
sion, while no body weight loss was seen with either dosing. In 
the second model using CTG-2842 cells derived from 
a NSCLC patient without prior response to erlotinib, once 
daily dosing of mobocertinib at 15 mg/kg caused 92% tumor 
regression without body weight loss.

Next, the efficacy of mobocertinib was explored in mice 
engrafted with LU0387 tumors containing the NPH mutation.3 

Mobocertinib induced 56% tumor growth inhibition at 
10 mg/kg daily and 87% tumor regression at 30 mg/kg daily. 
No body weight loss was observed with either dosing. In 
comparison, erlotinib at 50 mg/kg daily induced 38% tumor 
growth inhibition. Osimertinib at 30 mg/kg daily resulted in 3/ 
10 mice with >50% tumor regression with mean tumor regres-
sion of 13%, whereas mobocertinib at the same dosing 
resulted in 10/10 mice with >50% tumor regression with 
mean tumor regression of 87%.

Furthermore, a genetically engineered mouse model 
expressing the SVD mutation was created to evaluate the 
short-term and long-term efficacy of mobocertinib.3 The 
treatment of two mice with mobocertinib at 30mg/kg daily 
for 1 week led to remarkable reduction of tumor volumes 
compared to the vehicle control. The lung tumors were sub-
sequently harvested and stained for p-EGFR and its down-
stream signaling pathway protein phosphorylated-ERK1/2, 
both of which showed marked abolishment of staining by 
immunohistochemistry. The long-term efficacy of mobocer-
tinib was assessed by continuous treatment of eight mice with 
mobocertinib at 30 mg/kg daily and five with vehicle control. 
Mice treated with vehicle control had disease progression at 2 
and 4 weeks. In comparison, all eight mice treated with 
mobocertinib showed up to 90% tumor growth inhibition 
and at least four had sustained responses for 10 weeks.

Clinical Data
Phase 1 Results
The phase 1 study enrolled a total of 73 patients with 
NSCLC refractory to standard of care, among whom 44 
were evaluable for dose-limiting toxicities (DLTs). 
Patients were excluded if they had asymptomatic cranial 
nervous system (CNS) metastases requiring corticosteroids 
for symptomatic control within 7 days prior to the first 
dose of mobocertinib or symptomatic CNS metastases. By 
using a 3+3 design, four patients were enrolled in the 
starting dose of mobocertinib at 5 mg daily cohort, fol-
lowed by five at 10 mg daily, five at 20 mg daily, six at 
40mg daily, seven at 80 mg daily, and 26 at 120 mg daily. 
Two twice daily dosing cohorts were explored with four 
patients enrolled in the 40 mg twice daily cohort and six in 
the 60 mg twice daily cohort. From 120 mg daily dosing, 
the dose of mobocertinib was escalated to 180 mg daily 
with four patients enrolled but two developed DLTs with 
grade 3 diarrhea and missing >25% of planned doses due 
to treatment-related adverse events (TRAEs). The dose 
was then decreased to 160 mg daily with six patients 
enrolled. In addition to two DLTs occurring in the 
180 mg daily cohort, one patient each from the 80 mg 
daily, 120 mg daily, and 160 mg daily cohorts developed 
grade 3 pneumonitis, grade 5 pneumonitis, and grade 3 
mucositis, respectively. Mobocertinib at 160 mg daily was 
chosen as the maximum tolerated dose and the recom-
mended phase 2 dose (RP2D).5

Pharmacokinetic data showed mobocertinib had 
a median time to maximum plasma concentrations (Tmax) 
of 4 hours and a geometric mean effective half-life of 11– 
17 hours across the 20 to 160 mg daily dosing based on 
accumulation. Following administration of mobocertinib 
from 5 to 180 mg orally daily, the area under the concen-
tration-time curve from time 0 to 24 hours (AUC0-24) 
increased in a dose-dependent manner.5

Phase 2 Results
In the phase 2 study, 130 patients enrolled in seven dis-
tinctive cohorts were treated with mobocertinib at the 
RP2D of 160 mg daily. Combined with six patients treated 
with 160 mg daily of mobocertinib in the phase 1 portion, 
a total of 136 patients were pooled for safety evaluation, 
among whom 131 (96%) patients had TRAEs. The most 
common TRAEs of any grade were diarrhea (83%), nau-
sea (43%), rash (33%), vomiting (26%), dry skin (22%), 
decreased appetite (21%), stomatitis (21%), and fatigue 
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(21%). The most common TRAEs of grade 3 or higher 
were diarrhea (21%), increased lipase (5%), nausea (4%), 
vomiting (4%), stomatitis (4%), anemia (2%), rash (1%), 
decreased appetite (1%), fatigue (1%), maculopapular rash 
(1%), and dermatitis acneiform (1%). Serious TRAEs 
were seen in 18 (13%) patients, including diarrhea (4%) 
and vomiting (4%). Dose interruption, dose reduction, and 
dose discontinuation was seen in 74 (54%), 23 (17%), and 
22 (16%) patients, respectively.5

The efficacy of mobocertinib was assessed among 70 
previously treated NSCLC patients harboring EGFR 
ex20ins mutations from both the phase 1 and the phase 
2 portions, including 12 patients in 5–40mg daily cohorts, 
nine in 80 mg total daily (80 mg daily and 40 mg twice 
daily), 21 in 120 mg daily, and 28 in 160 mg daily.5 

More specifically, these 28 patients treated with mobo-
certinib at 160 mg daily had not received (N = 22) or 
responded (N = 6) to a previous EGFR TKI. The con-
firmed objective response rate (ORR) and disease control 
rate (DCR) by investigator assessment (IA) were 0% and 
25% for 5–40mg daily cohorts, 22% and 89% for 80 mg 
total daily, 19% and 71% for 120 mg daily, respectively. 
Among 28 NSCLC patients with EGFR ex20ins 

mutations treated with mobocertinib at RP2D of 
160 mg daily, ORR and DCR were 44% (12/28; 95% 
confidence intervals [CI]: 24–63) and 86% (24/28; 95% 
CI: 67–96), respectively. The median duration of 
response (DoR) was 13.9 months (95% CI: 5.0-not 
reached [NR]), and the median progression-free survival 
(PFS) was 7.3 months (95% CI: 4.4–15.6). Additionally, 
the confirmed ORR was 40% (2/5) for the ASV mutation, 
50% (2/4) for the NPH mutation, 50% (6/12) for other 
EGFR ex20ins mutations, and 50% (2/4) for unknown 
variants, suggesting EGFR ex20ins mutation variants did 
not seem to confer differential response to mobocertinib. 
Among 16 out of 28 patients without baseline brain 
metastases, the confirmed ORR was 56% (9/16; 95% 
CI: 30–80); the median DoR was 13.8 months (95% CI: 
5.0–16.6); the median PFS was 10.2 months (95% CI: 
5.6-NR). The rest of the 12 patients had baseline brain 
metastases, among whom the confirmed ORR, median 
DoR, median PFS were 25% (3/12; 95% CI: 5–57), 5.5 
months (95% CI: 3.9–14.2), and 3.7 months (95% CI: 
1.8–15.9), respectively. The inferior outcomes of patients 
with brain metastases highlight the limited CNS activity 
of mobocertinib.

Figure 2 The EXCLAIM-2 (NCT04129502) phase 3 trial schema. 
Abbreviations: EGFR ex20ins, EGFR exon 20 insertion; DCR, disease control rate; DoR, duration of response; IA, investigator assessment; IRC, independent review 
committee; ORR; objective response rate; OS, overall survival; mets, metastases; NSCLC, non-small cell lung cancer; PFS, progression-free survival; PRO, patient-reported 
outcome; TTR, time to response; vs, versus.
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Phase 3 Study Design
EXCLAIM-2 (NCT04129502) is a phase 3 clinical trial 
randomizing treatment naïve patients with locally 
advanced or metastatic nonsquamous NSCLC harboring 
EGFR ex20ins mutations at 1:1 ratio to either mobocerti-
nib at 160 mg daily or platinum-pemetrexed chemotherapy 
for 4 cycles followed by maintenance pemetrexed. For 
patients on the chemotherapy arm, crossover to the mobo-
certinib arm upon disease progression is allowed. The 
primary end point is PFS by independent review commit-
tee (IRC). Key secondary endpoints include ORR by IRC, 
overall survival, PFS by IA, DoR by IRC and IA, time to 
response by IRC and IA, DCR by IRC and IA, patient- 
reported outcome, and safety. Subgroup analysis will be 
conducted on patients with or without baseline brain 
metastases and Asians versus non-Asians. The trial plans 
to enroll 318 patients from 168 sites globally. However, 
enrollment is currently on hold pending interim futility 
assessment. The trial schema is shown in Figure 2.

Conclusions
The EGFRex20ins mutations represent a distinctive mole-
cular subset of NSCLC with an unmet need for development 
of effective targeted therapies. Amivantamab is so far the 
first and only approved treatment for this molecular driver. 
Among all the available TKIs in clinical trials, mobocertinib 
is the front runner from a drug development standpoint. 
Future directions will likely focus on combination approach 
such as TKI plus chemotherapy in the first-line setting, 

designing drugs with CNS activity, and exploring disease 
characteristics of various EGFRex20ins mutation variants 
and how they may affect treatment response.
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